The scanning electron microscope (SEM) has long been used for the observation and measurement of samples in the x-and y-directions. However, there is often the need to measure depths of features in the z-direction. Although a single depth can be adequately measured by comparison of focal depths between two points, complex topographies need further modeling to better visualize the change in depths across the surface.
The Y-12 National Security Complex in Oak Ridge, TN operates a large-chamber scanning electron microscope (LC-SEM) that has the largest chamber in the world at eight cubic meters. The instrument can examine specimens measuring up to 1-m in diameter by 1-m tall and weighing as much as 300-kg. This microscope provides high-resolution images using a mobile column that moves around the sample on a four-axis positioning system. This mobile column allows the flexibility for complex and complete visualization of the same region at several angles. While maintaining the same working distance, central point, and magnification, two or more images of the same region at known offset angles establishes stereographic image pairs. This eucentric tilting of the specimen by a small angle creates two images as if viewed from slightly different directions.
The Imaging, Robotics, and Intelligent Systems (IRIS) Lab at the University of Tennessee has developed algorithms for generating 3-D models from these stereographic pairs generated by the LC-SEM (Figure 1 ). These 3-D reconstruction algorithms use a perspective projection model that calculates the depth image based on the disparity in the stereographic image pairs. A large height change in relation to the image diagonal provides better results. The minimum ratio of height to diagonal is 1:70, and the disparity can be increased with a higher magnification and a higher tilting angle.
The IRIS Lab also uses a parallel projection model for images with magnification greater than 500x. This model is generated from pairs of images created from a translational shift while maintaining a slightly tilted column. Comparisons between the perspective projection and parallel projection models are evaluated for quality and consistency.
By calibrating the models with a standard sample of known depth, measurement can now be made in the z-direction. As these models are extended to higher magnifications, it is necessary to not only calibrate the 3-D models in the z-direction, but also calibrate the various axes of the LC-SEM positioning system to ensure that the offset angles are true. When both the hardware and software are fully calibrated, complete models can provide highly accurate measurements and evaluations in all dimensions. In addition, analytical maps can be overlaid on these 3-D models to further characterize the complex topographical surfaces (Figure 2 ). Figure 2: Generated 3-D topography models demonstrating the height gradient across the sample. The bottom image is overlaid with energy dispersive x-ray spectrometry (EDS) elemental maps.
